Drugged driving is a safety issue of increasing public concern. Using data from the Fatality Analysis Reporting System for 1999-2010, we assessed trends in alcohol and other drugs detected in drivers who were killed within 1 hour of a motor vehicle crash in 6 US states (California, Hawaii, Illinois, New Hampshire, Rhode Island, and West Virginia) that routinely performed toxicological testing on drivers involved in such crashes. Of the 23,591 drivers studied, 39.7% tested positive for alcohol and 24.8% for other drugs. During the study period, the prevalence of positive results for nonalcohol drugs rose from 16.6% in 1999 to 28.3% in 2010 (Z = −10.19, P < 0.0001), whereas the prevalence of positive results for alcohol remained stable. The most commonly detected nonalcohol drug was cannabinol, the prevalence of which increased from 4.2% in 1999 to 12.2% in 2010 (Z = −13.63, P < 0.0001). The increase in the prevalence of nonalcohol drugs was observed in all age groups and both sexes. These results indicate that nonalcohol drugs, particularly marijuana, are increasingly detected in fatally injured drivers.
Over the past several years, popular media and traffic safety studies have increasingly recognized drugged driving as an important public health problem. From 2005 to 2009, nearly a third of fatally injured drivers in the United States tested positive for nonalcohol drugs (1) . There is a growing body of evidence linking nonalcohol drugs, particularly cannabis, benzodiazepines, and stimulants, to deleterious driving performance, increased crash involvement, and crash culpability (2) (3) (4) (5) (6) (7) .
The time trends in drugged driving and the specific drugs involved are less clear, and findings from previous studies are inconsistent (1, (8) (9) (10) (11) (12) . A study of US high school seniors from 2001 to 2006 did not find an increasing trend in driving under the influence of drugs or riding with a driver who used marijuana or other nonalcohol drugs (9) . A more recent study of US high school seniors from to 2001 to 2011 found that the trend of driving under the influence of nonalcohol drugs was stable, whereas the prevalence of driving after marijuana use increased in recent years (12) . Data from the National Survey on Drug Use and Health indicate that self-reported driving under the influence of illicit drugs in the United States declined slightly from 4.8% during 2002-2005 to 4.3% during 2006-2009 (11) . Conversely, toxicological testing data suggest that the prevalence of involvement of nonalcohol drugs in fatal motor vehicle crashes has increased significantly in recent years (1, 13) . Given the high prevalence and the increasing evidence of the hazards that nonalcohol drugs pose to driving safety, it is important to better understand the epidemiologic patterns of drugged driving. In the present study, we examined the time trends in alcohol and nonalcohol drugs detected in drivers who died within 1 hour of a motor vehicle crash in 6 states in the United States that routinely test such drivers for drugs.
METHODS

Data
Data for this study came from the Fatality Analysis Reporting System (FARS). This data system is maintained by the National Highway Traffic Safety Administration (Washington, DC) and is a census of fatal motor vehicle crashes occurring on public roadways in the United States. Fatalities include all deaths resulting from injuries within 30 days of a crash (13) . The FARS data contain detailed information on the vehicles and individuals involved in the crash, as well as the crash circumstances (14) . These data are acquired from police reports, state administrative files, and medical records by trained data analysts who use standardized protocols to extract pertinent information (14) . Automated error checking and data monitoring ensure that data values fall within logical ranges (14) . Data elements include driver characteristics, such as sex, race, and drug and alcohol test results. Although FARS has been recording testing results for nonalcohol drugs since 1991, drug testing was performed on only approximately 30% of fatally injured drivers nationwide (13, 14) . A select number of states, however, have routinely tested fatally injured drivers for drugs (14, 15) .
Study sample
The study sample consisted of drivers who died within 1 hour of a crash between January 1, 1999, and December 31, 2010, in 6 states that performed toxicological testing on more than 80% of their fatally injured drivers (California, Hawaii, Illinois, New Hampshire, Rhode Island, and West Virginia). Drivers who survived for more than 1 hour after the crash (n = 13,342) or with missing data on time of death (n = 638) were excluded from this study because of concerns about the accuracy and reliability of drug testing data for these drivers. Prolonged survival after the crash could introduce both false negatives and false positives into the postmortem drug testing results, because drugs taken before the crash might become undetectable due to metabolization, and drugs administered after the crash by medical personnel might be detected but indistinguishable from those taken before the crash. Of the 25,951 drivers in the study sample, 2,360 (9.1%) were excluded from the analysis because of a lack of drug testing data.
Drug testing assessments
Drug tests were performed on blood and/or urine specimens (14) (15) (16) . Overall, 94.3% of the drug tests were based on blood specimens. The presence of up to 4 drugs, including alcohol, was recorded for each driver. When multiple drugs were reported, nonalcohol drugs were logged in the FARS data in the following priority order: narcotics, depressants, stimulants, marijuana, and other licit drugs (15) (16) (17) . Drugs were categorized according to the FARS coding manual (17) and grouped into the following categories: alcohol, cannabinol, stimulant, narcotic, and depressant (exclusive of alcohol). Because of small numbers, drugs defined by FARS as hallucinogens, phencyclidine, anabolic steroids, inhalants, or "other" were combined and were referred to as "other drugs." Drugs administered after the crash were not included (13, 17) .
Statistical analysis
The prevalence of alcohol and other drugs detected in drivers who died within 1 hour of a crash was calculated by calendar year, driver characteristics, and drug class. Blood alcohol concentration was measured in grams per deciliter, and a blood alcohol concentration of 0.01 g/dL or greater was considered alcohol positive. Other drugs were categorized into the following 5 classes: narcotics, stimulants, cannabinol, 
RESULTS
Overall, 23,591 (90.9%) of the 25,951 drivers who died within 1 hour of a crash in these 6 states underwent toxicological testing. Drivers who were tested for drugs were similar in crash circumstances to those who were not tested, but they appeared to be slightly younger (mean age = 39.4 (standard deviation, 19.4) years vs. 43.4 (standard deviation, 27.7) years), more likely to be male (77.7% vs. 75.8%), more likely to be involved in nighttime crashes (51.4% vs. 47.0%), and more likely to have been involved in a crash in the previous 3 years (15.7% vs. 13.9%) than those who were not tested.
Of the 23,591 drivers tested, 39.7% were positive for alcohol, and 24.8% tested positive for other drugs. The prevalence of alcohol involvement was stable at approximately 39% from 1999 to 2010 (Z = −1.4, P = 0.16). Alcohol involvement was more prevalent in men (43.6%) than in women (26.1%), but trends were stable for both sexes (Table 1 ). In contrast, the prevalence of nonalcohol drugs showed a statistically significant increasing trend over the study period, rising from 16.6% (95% confidence interval (CI): 14.8, 18.4) in 1999 to 28.3% (95% CI: 26.0, 30.7) in 2010 (Z = −10.19, P < 0.0001). The prevalence rates of nonalcohol drugs and 2 or more nonalcohol drugs increased significantly over the study period in both sexes ( Table 1) . The prevalence of nonalcohol drug use increased significantly across all age groups (Figure 1) .
When time trends of nonalcohol drugs were examined by drug class, the prevalence of narcotics tripled during the study period, increasing from 1.8% in 1999 (95% CI: 1.3, 2.6) to 5.4% (95% CI: 4.4, 6.8) in 2010 (Z = −7.07, P < 0.0001, Figure 2) , and the increase occurred in both sexes ( Table 1 ). The prevalence of depressants (excluding alcohol) and other drugs also increased significantly over the study period (Z = −4.54, P < 0.0001, and Z = −2.61, P = 0.01, respectively). There was not a monotonic trend in the prevalence of stimulants during the study period (Figure 2) . Overall, the prevalence of cannabinol nearly tripled over the study period, increasing from 4.2% (95% CI: 3.3, 5.2) in 1999 to 12.2% (95% CI: 10.6, 14.1) in 2010 (Z = −13.63, P < 0.0001, Figure 2 ), and the upward trends in the prevalence of cannabinol were similar for men and women (Table 1) . By the end of the study period, cannabinol became the most prevalent nonalcohol drug detected in fatally injured drivers (Figure 2 ). The prevalence of cannabinol increased significantly across age groups (Figure 3 ). The increase in the prevalence of cannabinol was most pronounced among fatally injured drivers less than 25 years of age (Figure 3 ).
DISCUSSION
The results of this study indicate that nonalcohol drugs have been increasingly detected in fatally injured drivers in recent years, whereas the prevalence of alcohol has remained stable at approximately 39%. These findings are important because increased crash risk has been linked to several psychoactive substances (8, (18) (19) (20) (21) . A recent case-control study found that, relative to drivers using neither alcohol nor drugs, drivers with positive blood alcohol concentrations were 13 times as likely to be involved in a fatal crash, and drivers testing positive for nonalcohol psychoactive drugs were twice as likely to be involved in a fatal crash (22) . Additionally, studies have found that the use of nonalcohol drugs is associated with increased crash risk and crash culpability (23) (24) (25) (26) (27) ). In the current study, increases in the prevalence of narcotics and cannabinol detected in fatally injured drivers were particularly apparent. Although narcotic use has been found to be associated with impairments in driving performance and crash risk (8, (18) (19) (20) (21) (22) 28) , trends in narcotic use have been understudied. Given that the annual number of opioid prescriptions rose from approximately 75 million to approximately 210 million from 1991 to 2010, and that narcotic use has been associated with poorer driving outcomes, understanding the role of controlled substances in motor vehicle crashes is of public health importance (29, 30) . Stimulant use, particularly methamphetamine and amphetamine use, has been linked to more risk-taking behaviors (31, 32) . The effect of stimulant use on driving safety is of special concern because prescriptions for stimulants have increased substantially in recent years (30, 33) .
Several studies have noted an increased crash risk among drivers using cannabis (2, 6, 8, 22 ). An active ingredient in marijuana, δ-9-tetrahydrocannabinol, has been found to be associated with poorer driving performance, longer response times, and slower driving speeds in a dose-response fashion (34) . In driving simulation studies, combined cannabis and alcohol use, even at low levels, was linked to greater impairment than use of alcohol or cannabis alone or the absence of both alcohol and cannabis (35) . In addition, regular cannabis users had higher plasma concentrations of δ-9-tetrahydrocannabinol and poorer driving performance than nonregular users (35) . Drivers using both alcohol and cannabis also had higher plasma concentrations of δ-9-tetrahydrocannabinol than drivers using cannabis alone (35) .
Recent research has reported increased cannabis use by drivers in California from 2007 to 2010 (36) and increased marijuana use by patients treated in Colorado health care settings (37) . The marked increase in the prevalence of cannabinol reported in the present study is likely germane to the growing decriminalization of marijuana. Over the last 17 years, 20 states and Washington, DC, have enacted legislation, and 4 more states have legislation pending, to decriminalize marijuana for medical use (38, 39) . Although each of these states has laws that prohibit driving under the influence of marijuana, it is still conceivable that decriminalization of marijuana may result in increases in crashes involving marijuana. Three of the states assessed in our study enacted laws permitting medical marijuana use; California in 1996 (imple- state legislation permitting medical marijuana use on driving under the influence of marijuana and marijuana-involved crashes are scant (44) . Nevertheless, a time-series analysis conducted by the California Department of Motor Vehicles (Sacramento, California) showed that the prevalence of cannabinoids in drivers in fatal crashes in California increased 2.1 percentage points-a 196% increase-from preimplementation to postimplementation of the medical marijuana law (44) . In this report, statistically significant increases in the prevalence of detected cannabinoids were also found after implementation of medical marijuana laws in Hawaii and Washington state (44) . Notably, this study found 1-time increases with the implementation of medical marijuana laws and not increasing trends (44) .
Limitations
Although this study provides compelling evidence that the prevalence of nonalcohol drugs in fatally injured drivers has increased significantly since 1999, it is worth noting several limitations. First, this study is based on data from only 6 states, and the findings may not be generalizable to other states. To enhance the internal validity, we examined only data from states that consistently performed toxicological testing on fatally injured drivers who died within 1 hour of a crash. The prevalence of nonalcohol drugs reported in this study is higher than in other studies conducted in young drivers or non-fatally injured drivers (9, (11) (12) 45) . Second, the effects of drugs on driving performance and crash risk vary by drug type, dosage, and driver's physiological response and tolerance level. There is no universally accepted definition of drug impairment (46) . Further, in this study, a positive drug test could represent an inactive drug metabolite resulting from past use. It is possible for a driver to test positive for cannabinol in the blood up to 1 week after use (47) . Thus, the prevalence of nonalcohol drugs reported in this study should be interpreted as an indicator of drug use, not necessarily a measurement of drug impairment. Third, drug testing protocols may vary by state, and some states tested for fewer drugs than others (48) (49) (50) . The variation in toxicological testing practices within the 6 states included in this study is likely minimal because these states have well-established statewide or regional medical examiner systems under which toxicological testing is performed using liquid-gas chromatography, mass spectrometry, and radioimmunoassay techniques following widely accepted forensic pathology procedures (51) . The testing methods and specimens may not be exactly the same across the states. The possible bias resulting from different specimens, however, is unlikely to pose a serious threat to the validity of this study, given that 94% of the study sample had at least 1 test based on a blood specimen.
Conclusions
There has been a marked increase in the prevalence of nonalcohol drugs detected in fatally injured drivers in the United States between 1999 and 2010. During the study period, the proportion of fatally injured drivers testing positive for narcotics and cannabinol has tripled. These results suggest that drugged driving, specifically driving under the influence of cannabinol and narcotics, may be playing an increasing role in fatal motor vehicle crashes. To control the ongoing epidemic of drugged driving, it is imperative to strengthen and expand drug testing and intervention programs for drivers.
